Objective: Detailed reports in changes of eating habits especially in elderly subjects with successful weight loss and maintenance are virtually unknown. In this paper we have analyzed the eating habits of 104 obese patients (BMI 37.8±0.3 kg/m 2 , age range 65 and 84 years) who lost 11.5±0.3kg over an average follow-up period of 37.5±0.5 months. Design: Patients recorded food intake over a period of 12 days before and 12 days after changes of eating habits. Dietary counseling was based on food energy density (ED) with the aim to maintain food quantity as much as possible for adequate satiety in conjunction with a reduction of energy intake. Individual eating habits should be preserved as much as possible. Results: Average daily energy intake of solid food was reduced by 267kcal, food intake by 114g and ED by 0.10 kcal/g, respectively. Liquid calories were reduced by 79 kcal/d. Lower daily energy intake was the result of a reduction of medium and high ED food items compensated for by a greater intake of low ED food items. Changes of macronutrients comprised substantially lower carbohydrate and fat intake with minimal reduction of protein. From 28 different food groups 9 were reduced significantly (bread, butter, marmalade, cheese, meat products, fast food, fruit and chocolate) while 3 were increased (eggs, curds, ham). The relative contributions of the various food groups to daily energy intake remained fairly similar indicating that individual preferences were largely maintained. Conclusion: The data demonstrates that in elderly subjects with severe obesity an individual change of eating habits can lead to successful long-term weight loss with improvement of carbohydrate metabolism. This will contribute to increased mobility and to improved quality of life. This method which is based on the energy density of food items is a simple measure to reduce energy intake while ensuring long-term adherence.
Introduction
In most industrialized countries the prevalence of obesity in older persons has been rapidly increasing (1) (2) (3) (4) . This leads to increasing health care costs due to related co-morbidities (e.g. diabetes mellitus, osteoarthritis) and higher risk of disability (5). The shifting balance between muscle mass and fat mass in older individuals, which is accompanied by a decline of muscle strength and muscle function predisposes them towards a deterioration of functionality (6). This ageassociated physiological phenomenon will be aggravated in those that are considered to be sarcopenic obese when obesity is combined with low muscle mass and low muscle strength (7) .
In recent years it has been shown that successful weight management which included dietetic advice and exercise could improve functionality in obese older persons (8, 9) . However, long-term effects of these programs
have not yet been documented.
At present weight-maintenance must still be considered to be a major obstacle, since most treatment modalities have shown rapid regain in younger adults, either during treatment or after its termination (10-14). As weight cycling might induce a detrimental decrease of functionality in older persons weight maintenance has to be achieved in this population as otherwise the benefits of weight loss with regard to function will be offset In recent years, the important role of food energy density (ED) for acute energy intake has been recognized. ED refers to the amount of energy in a given mass of food (kcal/g) and depends primarily on fat and / or water content of food. ED reflects best the relationship between the satiating capacity of a food item and its contribution to energy intake (25-31).
Moreover, it has been shown that ED is a good basis for weight reduction concepts. Several studies over a period of 6-12 months have shown a good weight reduction by supplementation of snacks with low ED (soup, vegetable, fruit or milk products) (32-34).
We have recently shown that an individually tailored change of eating habits without any rigid dietary prescriptions concerning limitations of energy intake, macronutrient ratios or dietary fiber intake is associated with successful weight loss and its maintenance (35).
In this context it is of interest to examine the change of eating habits of those subjects who successfully lost weight and who were able to maintain this weight loss over a prolonged period of time. For this purpose in the U.S. the National Weight Control Registry has been established which analyzes the eating habits of patients who were able to maintain their initial weight loss for at least another year (36-39). In these patients however, the eating habits prior to treatment have not been recorded so that an intraindividual analysis is not possible and only post-treatment cross-sectional data are available.
In this paper we report the eating habits of 104 patients with an age ≥65 years before and after weight-loss and maintenance on the basis of food energy density.
Methods
The analysis used in this paper is based on the dietary records of 104 obese patients with an age of ≥ 65 years. 
Dietary intervention
The aim of our treatment concept is to change eating habits towards hypocaloric nutrition in conjunction with adequate satiety whilst preserving of as many of the most favored dishes and food items as possible with the expectation of improving long-term adherence to an individually tailored food intake. Prior to the start of dietary counseling all patients had to complete a food diary over 12 consecutive days to get as much information as possible about the "old" eating habits.
They were instructed to record in as detailed a manner as possible every item they either ate or drank, the time of consumption, the amount they ate by weighing with a scale as often as possible and how the food was prepared. To increase the motivation to accurately report their habitual food intake patients were told that an accurate recording of their usual intake would improve individually adapted changes of their personal eating habits during subsequent therapy. They were told that the most preferred food items of their usual diet would remain unchanged as much and as long as possible to prevent underreporting, particularly the underreporting of snacks with high ED.
The patients were informed that record keeping could produce a change in nutrient intake and they should not while protein changed only slightly with -6%.
The relative contribution to daily energy intake was reduced substantially for fat (-10.5%) and only little for carbohydrates (-2.8%) while the relative contribution of protein was raised by 3.4%. Daily fiber intake was reduced from 15.6±3.1 to 12.2±3.1 g/day (p<0.0001). Figure 1 shows the contribution of food items with low, medium and high ED to daily food quantity and energy intake. At baseline almost 70% of the daily food intake came from low ED food, which was significantly increased while medium and high ED food intake showed a small but significant reduction. Energy intake by low ED food increased significantly by 10% after change of eating habits which was paralleled by a small reduction of medium ED food and an 8% reduction of high ED food items (Figure 1 ).
The preferential consumption of low ED food items decreases average daily ED as expected but it is not associated with hypocaloric nutrition as shown in Fig.   2a . The increase of low ED food by almost 900g was associated with a significant reduction of ED from 1.92± 0.71 to 1.06±0.31 kcal/g (p<0.0001) and a significant increase of total daily food quantity by 670g (p<0.001)
indicating a reduction of medium and high ED food by 209g. This however, does not lead to a reduction of energy intake below the average daily intake of 1381 kcal.
Figure 2b demonstrates that a reduction of high ED food
intake is necessary for hypocaloric energy intake. The changes of high ED food intake do not affect total daily food quantity due to parallel reduction of lowered medium ED food.
-food groups
Major contributions to energy intake prior to treatment came from bread, meat products, carbohydrate accompaniments, cake, cheese, meat, and fruit (Table   3 ). These 7 food groups accounted for 63% of daily energy intake (Table 4 ).
Figure 1:
Contribution of food items with low, medium and high ED (kcal/g) to daily food quantity (% g) and energy intake (% kcal) before treatment (pre) and at follow-up (post). Mean ± SEM. *=significantly different from the pretreatment period, p<0.0001 or less.
The major contribution to daily food quantity came from vegetables, fruit, bread, carbohydrate accompaniments, meat, meat products and soup. These 7 food groups accounted for 71% of daily quantity.
Following the change of eating habits significant changes of energy intake were due to a significant reduction of bread, fast-food, meat products, cake, cheese, marmalade, fruit, butter and chocolate (Table   3 ). A significant increase was observed for eggs, curds and ham. Changes of energy intake are reflected by A reduction of the frequency of intake with constant portion size was observed for marmalade, fruit and meat products ( Table 3 ).
The increased consumption of eggs and ham was due to intake on more days with similar portieaten while curd was eaten more frequently and in greater portions. For two food groups subjects changed the frequency of intake, but without leading to a significant increase in the amount consumed. Meat intake frequency increased moderately but portion sizes were reduced thereby compensating the higher frequency of intake. The reduced number of days where yogurt was eaten was counterbalanced by significantly greater portions ( Table   3 ).
The relative contributions of the various food groups to daily energy intake remained fairly similar ( Table 4 ). The highest contributors before were, in order: meat products, carbohydrate accompaniments, meat, cheese, cake and fruit. Thereafter, meat was in second place and meat products in fourth, and cake and fruit changed places sixth and seventh, respectively. The relative contribution to food quantity showed a virtually unchanged ranking of vegetables, fruit, bread, carbohydrate and meat, while meat products and soup switched places 6 and 7 (Table 4 ).
Discussion
The present data demonstrate that in older, severely obese patients a change of individual eating habits can successfully reduce body weight, improve diabetes and enable patients to maintain their new weight for a prolonged period.
It is noteworthy that food intake prior to the start of treatment is characterized by low energy density and low total energy intake while food quantity is not much different from a cohort which was 25 years younger and of similar weight and gender (41,42). We attribute this low ED food portfolio to the fact that virtually all these patients have had long periods of dieting in their life.
Nevertheless, it must be noted that they were weight stable for at least 6 months prior to treatment and they did not lose weight while recording their intake. 44
patients of this population were part of the previously published data on weight loss and maintenance (35).
These patients were able to reduce their total energy intake by 334 kcal/day (solid food + liquid). The reduction of solid food energy intake is due to a combination of a small reduction in food quantity (down 100g) and reduced energy density. The reduction in food quantity is a mixture of smaller portion sizes and less frequent intake.
The number of meals has always been a matter of debate in obesity treatment concepts. Snacks between meals are well known to increase daily energy intake Prescription of energy intake is difficult to maintain due to the substantial fluctuations of daily energy intake which has been known for many decades in normal weight (53) and also obese subjects (41).
Dietary fiber intake prior to treatment was already far below the usual recommendations of 30g/day or more Reduction in energy intake has been accomplished by an exchange of food items with higher ED toward those with lower ED based on the individual's preferences.
Patients appreciate the option to select freely among a wide range of food items with the chance to counterbalance occasional or even regular intake of certain high ED foods. Especially in older persons it seems to be important that they can stick to their traditional dishes. A major change of life-long eating habits must be regarded as highly improbable.
When looking at the food items that contributed to reduction of energy intake it is interesting to note that the widely recommended higher intake of fruit and vegetables did not occur. On the contrary, fruit intake was significantly reduced which is primarily due to the smaller number of snacks. Bread is the most important energy source in German nutrition accounting for almost 20% of daily energy intake in normal weight as well as in obese subjects (42,57).
The reduction of bread intake saves 50 kcal/day but it remains among the 3 most important contributors to food quantity. All in all, 9 of the 28 analyzed food groups contribute significantly to reduced calorie consumption.
The reductions of the medium and high ED food are sufficient to allow an even greater energy intake by low ED food items (eggs, ham, curd).
When looking at the ranking of the various food groups for their contribution to energy intake and daily food quantity only small changes were observed. This suggests that the "new" eating habits are not so much different from the "old" ones, which in our experience is a major reason for better long-term adherence. In addition to alterations of solid food intake the substantial reduction of liquid calories is extremely important especially in these elderly subjects where nutritional habits prior to treatment were certainly not bad.
Some limitations of the present study have to be considered. Firstly, under-or over-reporting of food intake can not be excluded. However total daily EI of the present study population is in the same range of the age and gender related groups of the recent National Survey of Food Intake II in Germany (57). Whenever it occurs, it may differ systematically between subjects such that certain participants tend to under-or overestimate more than others (58). Furthermore, the results of the present study are based on changes of intake that are The present data demonstrate that a change of eating habits based on food ED which is individually tailored leads to significant weight loss and also permits longterm weight maintenance. Food ED is simple and easy to handle in every day dietary counseling. The present data also demonstrate that apart from food ED, changes of beverages and reductions to the number of meals contribute to lower energy intake. A reduction of medium and high ED food intake is of greater importance than an augmentation of low ED food consumption.
All in all, older patients with severe obesity will most probably benefit from weight reduction leading to greater mobility and improving co-morbidities such as type-2 diabetes mellitus.
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